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ABSTRACT 

 

Peru is situated along the western edge of the convergent plate boundary between the South America 

plate in the east and Nazca plate to the west where ongoing subduction is the major source of large 

damaging historical earthquakes. We present results of a detailed probabilistic seismic hazard analysis for 

Peru to provide site-specific 0.2-second and 1.0 second spectral accelerations (Sa), earthquake magnitude 

(M), source- to-site distance (D) and epsilon (ε) parameters suitable for seismic design. The parameters 

are quantified for a return period of 475 years for Lima, Arequipa, Huancayo and Puno. We compare site-

specific seismic design spectra based on our results with those specified in the Peruvian Seismic Code 

(PSC). We find the two approaches compare well at Lima, but at the other cities the PSC overestimates 

the spectral accelerations by factors of about 1.2 to 1.5.  A major contributor to the observed differences 

is that the PSC has a three-fold macrozonation based on political boundaries rather than smoothly varying 

seismic parameters based on tectonic and seismic criteria. 

 

Keywords: Spectral accelerations, seismic hazard, seismic design, Peruvian Seismic Code E-030. 

 

 

INTRODUCTION 

 

Peru is located within one of the most seismically active plate boundaries of the Pacific margin. The 

convergent boundary between the South American plate in the east and the Nazca plate to the west and 

beneath much of Peru is a major source of large, destructive historic earthquakes. Along this boundary, at 

least 18 earthquakes of M ≥ 7.5 have been recorded between the equator and 40 degrees south since 1900 

AD (Bilek, 2009), including the M 9.5 Valparaiso earthquake in 1960 and M 8.8 Maule earthquake in 

February 2010. 

 

Seismic design in Peru is at present based on the provisions contained in E-030 2003 Peruvian Sesimic 

Code (PSC). The code defines seismic design ground motions based on scaling a constant spectral shape 

using a three-fold macrozonation of the 475-year return period peak horizontal ground acceleration 

(PGA). The highest values of the design ground motions are in the west (Zone 3), and the lowest in the 

east (Zone 1) of the country.  A limit to this type of seismic design ground motion definition is the lack of 

site-specific hazard parameters and site-specific seismic criteria. 

 

In this study, we develop site-specific parameters to describe the level of structural response based on 

spectral acceleration at 0.2 seconds (Sa(0.2)) and one second (Sa (1.0)). The principal seismological 
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characteristics that contribute to spectral accelerations are earthquake magnitude (M
[1]

 ) and attenuation 

of earthquake accelerations with variation in source-to-site distance (D
[2]

). In addition, variation in 

structural response from the median values produced by the M and D parameters are quantified by the 

parameter epsilon (ε). Quantification of the four parameters—Sa, M, D and ε —will improve 

understanding and definition of seismic design criteria for structural design in Peru. 

 

The study includes a description of the main tectonic features and seismic setting for Peru. We develop a 

seismotectonic model and parameters for a probabilistic seismic hazard analysis (PSHA). We present site-

specific seismic design parameters and response spectra for the cities of Lima, Arequipa, Puno and 

Huancayo with a return period of 475 years, and compare them to spectra developed from the PSC. 

 

 

REGIONAL TECTONIC AND SEISMIC SETTING 

 

Plate Tectonic Framework 

Peru lies in a complex, geologically active region east of a major plate boundary between the South 

America plate and Nazca plate where numerous damaging historical earthquakes (M 8.0) have occurred 

over at least the last 500 years (Figure 1). The eastern edge of the oceanic Nazca plate in this region is 

marked by the deep Peru-Chile Trench (PCT) offshore.  The western edge of the continental South 

America plate is marked by the broad, high mountains of the Western and Eastern Cordillera of Peru, and 

the numerous Quaternary folds and faults that mark the eastern boundary of the Andes Range (Machare et 

al., 2003). 

 

In central Peru, the Nazca plate dips beneath the South America plate initially at about 10 degrees to a 

depth of about 20 to 25 km, where it bends downward to as much as 30 degrees (Langer and Spence, 

1995).  At a depth of about 100 km, the subducting plate flattens and continues sub-horizontally for about 

500 km to the east until it abruptly steepens its descent to more than 600 km depth (Cahill and Isacks, 

1992).  This “flat slab” section of the subduction zone extends for about 1800 km from near the Ecuador 
border in the north to about 16 degrees south latitude in southern Peru, near the southern margin of the 

subducting Nazca ridge (Figure 1). 

 

In southern Peru, south of about 16 degrees south latitude, the subducting Nazca plate has a simpler 

geometry with a consistent dip of about 30 degrees to the east-northeast (Figure 1).  South of about 17 

degrees south, the “flat slab” section of the subducted Nazca plate is absent (Cahill and Isacks, 1992). 

 

The total convergence rate at the PCT in the central Peru region is about 64±2 mm/yr (Sella et al., 2002). 

Plate convergence occurs obliquely in a direction of about N82E or about 29 degrees clockwise from the 

N53E azimuth normal to the PCT and central Peru coastline. Plate converge rate in southern Peru is about 

75-80 mm/year and occurs obliquely at a direction of about N65-70E. 

 

Historical Earthquakes 

For this study we developed a project earthquake catalog of instrumentally-recorded earthquakes by 

combining different earthquake catalogs for earthquakes hypocenters within the area of 67 degrees to 81 

degrees west longitude, and from 6 degrees to 22 degrees south latitude (Figure 1).  The catalog was 

compiled from the following sources: 

                                                 
[1]

 Moment magnitude (M) is the magnitude of an earthquake related to the length and width of a fault surface, and 

the total displacement along the fault surface. 
[2]

 Source-to-site distance is defined in this study as the closest distance to rupture zone. 



5th International Conference on Earthquake Geotechnical Engineering 

January 2011, 10-13 

Santiago, Chile 

 

 

 The world-wide ANSS (Advanced National Seismic System) composite catalog; 

 Centennial Catalog compiled by Engdahl and Villaseñor (2002); 

 USGS/NEIC 1973 to present Preliminary Determination of Epicenters catalog (PDE); and 

 NGDC (NOAA) Database; also referred to as the Significant Earthquake Database. 

 

We manually removed duplicate records to develop a full project catalog that contains 10,093 earthquake 

events of M ≥ 4. 

 
Figure 1. Seismicity Distribution and Tectonic Setting of Peru 

 

SEISMOTECTONIC MODEL 

 

In seismic hazard studies, a seismic source model is developed to represent the specific tectonic regions 

that affect the sites of interest. The seismic source model developed for this study is defined in terms of 

parameters that include: source location, source geometry, style of faulting, maximum earthquake 

magnitudes, probability of existence, and linear and nonlinear earthquake recurrence models. The model 

includes 12 sources that model the Nazca-South America subduction zone at the PCT, known surface 

faults and distributed earthquakes within the shallow crustal zone within the South America plate. 

http://www.anss.org/
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Subduction Zone Sources 

The subduction zone associated with the PCT offshore of Peru comprises the plate interface subduction 

zone, and the upper and the lower intraslab subduction zone within the Nazca plate. The interface region 

includes all earthquakes located within the upper 50 km of the plate interface zone between the Nazca and 

South America plates. This region is defined by the sources S1 to S4 as shown in Figure 2. For this model 

we assume 100% coupling between the Nazca and South American plates. The upper intraslab region 

includes normal events that occurred between 51 km and 100 km within the Nazca plate. This region is 

defined by the sources S5 to S8 in Figure 2. The lower intraslab region considers normal-focus events at 

depths larger than 101 km, and is defined by the sources S9 to S12 in Figure 2. 

 

We inferred a subduction geometry based on Cahill and Isacks (1992) as shown in Figure 1.The interface 

and upper intraslab seismic sources are estimated to have an eastward dip of about 22 to 28 degrees from 

the PCT. The dip of the lower intraslab in the central Peru region is about 2 degrees and extends to a 

depth of about 120 km. In the southern Peru region, the dip of the lower intraslab is estimated to be about 

30 degrees and extends to depths of about 300 km. 

 

Significant Crustal Sources 

Available fault maps developed by Machare et al. (2003) were used to identify Quaternary (about the last 

1.8 million years) structures in Peru.  Locations, ages and slip rates of Quaternary faults and fault-related 

folds from Machare et al. (2003) were used in this study.  We assumed a seismogenic crustal thickness of 

25 km. 

 

Additional background earthquake sources (not shown in Figure 2) were defined to account for potential 

ground motions from unidentified faults and other earthquakes not associated with known geologic 

structures.  These crustal background seismic source zones (depth less than 40 km) were defined from the 

shallow historical seismicity distribution on the South America plate. Maximum magnitudes estimates for 

the background sources range from about M 6.9 to M 7.2. 

 

Seismicity 

A basic assumption of the seismic hazard methodology is that earthquakes are independent events.  The 

project catalogue was declustered using the algorithm of Reasenberg (1985). The available hypocentral 

data contained within the declustered catalogue reveals that the reported earthquake magnitudes are 

incomplete for the same time periods, especially for small-magnitude earthquakes. In order to use the 

hypocentral data in a more consistent manner, the earthquake magnitudes were grouped in different time 

intervals based on a completeness test evaluation at several magnitude intervals.  Earthquakes with 

magnitudes between M 4.0 and M 6.5 were estimated to be complete since 1965; while earthquakes with 

magnitudes between M 6.5 and M 7.0 were estimated to be complete since about 1900 to present; and 

earthquakes with magnitudes greater than M 7.0 were assumed to be complete since 1555. 

 

Seismic Source Parameters and Earthquake Recurrence 

Earthquake recurrence relationships represent the frequency of earthquake occurrence in a seismic source.  

The relationships are important input parameters for site-specific PSHA. For this study, a truncated 

exponential magnitude model, a full characteristic and the Young and Coppersmith (1985) characteristic 

model have been used to characterize the earthquake distribution and recurrence within each seismic 

source zone. 

 

For each time interval and seismic source, annual frequency computations were performed and log-linear 

regression analyses were developed to obtain b-values, activity rates and earthquake recurrence 
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relationships.  The computations were based on main and independent events only, and were performed 

using the maximum likelihood method of Weichart (1980). Table 1 shows the earthquake recurrence 

parameters used in our model for the 12 subduction zone seismic sources. Figure 3 shows the earthquake 

recurrence distribution used in our seismotectonic model for the sources that contributes the most to the 

hazard of the evaluated cities. 

 

 
Figure 2. Subduction Seismic Sources Used in the Model 

 

Table 1: Parameters for Subduction Zone Seismic Sources  

Seismic Source (Type)
1
 Source Model 

Range in Slip 
Rate (mm/yr) 

(Weight 
0.2<0.6<0.2) 

Range in Maximum 

Earthquake (M)
2
 

(Weight 
0.2<0.6<0.2) 

b-values 

S1-Interface (R) 
3
Y&C  50<62<69 8.9<9.0<9.2 0.74<0.76<0.795 

S2-Interface (R) 
3
Y&C  50<62<69 8.9<9.0<9.2 0.95<1.0<1.05 

S3-Interface (R) 
3
Y&C  70<75<80 8.9<9.0<9.2 0.93<0.98<1.03 

S4-Interface (R) 
3
Y&C  70<75<80 8.9<9.0<9.2 0.83<0.90<0.97 

S5-Upper Intraslab (N) 
3
Y&C  130<280<300 yrs 7.8<8.0<8.2 0.76<0.8<0.83 

S6-Upper Intraslab (N) 
3
Y&C  130<280<300 yrs 7.8<8.0<8.2 0.99<1.08<1.17 

S7-Upper Intraslab (N) 
3
Y&C  130<280<300 yrs 7.8<8.0<8.2 1.01<1.07<1.13 

S8-Upper Intraslab (N) 
3
Y&C  130<280<300 yrs 7.8<8.0<8.2 0.92<1.0<1.08 

S9-Lower Intraslab (N) Truncated Exp. 450 yrs 7.8<8.0<8.2 0.83<0.86<0.89 

S10-Lower Intraslab (N) Truncated Exp. 450 yrs 7.8<8.0<8.2 0.93<1.0<1.05 

S11-Lower Intraslab (N) Truncated Exp. 450 yrs 7.8<8.0<8.2 1.05<1.10<1.15 

S12-Lower Intraslab (N) Truncated Exp. 450 yrs 7.8<8.0<8.2 1.09<1.13<1.17 

Notes: 1 The fault number identifies the fault on Figure 2.  Fault type is indicated as follows: N = normal-slip fault; R = reverse-slip fault. 
2 M = moment magnitude. 3Y&C = Youngs and Coppersmith (1985). 
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Figure 3. Earthquake Recurrence Distribution with 1 std error bars for the some Representative 

Sources of our Model 

 

 

PROBABILISTIC SEISMIC HAZARD ANALYSIS 

 

Site Soil Classification 

A Site Class B, as defined in the International Building Code (IBC) 2009 and ASCE 7-05 (2005), was 

used for all ground motion and response spectra calculations at the four cities.  Site Class B is defined as 

a site with an average shear wave velocity between 760 and 1500 m/s for the upper 30 m of the soil 

column (Vs30).  We selected Site Class B soil conditions because they are very similar to Site Class S1 of 

the E-030 2003 PSC. 

 
Empirical Ground Motion Attenuation Relationships 

Few data are available on attenuation of earthquake ground motions with magnitude and distance for 

Peru.  Consequently, published regional empirical attenuation relationships were used to undertake our 

seismic hazard analysis.  The attenuation relationships were selected on the basis that the tectonic and 

geologic conditions in Peru are similar to the regions where most of the earthquakes were located for 

development of the attenuation relations. 

 

Three attenuation relationships developed by Youngs et al. (1997), Atkinson and Boore (2003), and 

McVerry et al. (2006) were used to estimate the horizontal ground motion and spectral accelerations from 

subduction zone earthquakes.  For the attenuation of ground motions for crustal fault and area sources we 

used the Abrahamson and Silva (2008) and Campbell and Bozorgnia (2008) Next Generation Attenuation 

(NGA) relations. 

 

Probabilistic Seismic Hazard Analysis (PSHA) 

PSHA estimates the likelihood that specified earthquake ground motions will be exceeded during a 

specified time.  The likelihood of exceedance is determined based on the probability of occurrence of all 

earthquakes at different locations on each significant seismic source, and the rate at which ground 

motions attenuates away from the earthquake source. The PSHA technique used for this study follows the 
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procedure published by McGuire (2004).  The PSHA calculations were carried out using the 

commercially available software EZ-FRISK 7.43 (2010) by Risk Engineering Inc. 

 

Uncertainties 

In this study the epistemic uncertainty was considered with respect to empirical attenuation relationships, 

maximum magnitude, and slip rate of the fault sources. Aleatory uncertainties were considered through 

probability distribution functions. Different weights were considered for the subduction sources based on 

their depths. This is due to the high ground motion values predicted by McVerry et al (2006) from deep 

earthquake events. For sources located at depths less than 100 km, the weight distribution considers 0.5 

for Youngs et al (1997), 0.10 for Atkinson and Boore (2003) and 0.40 for McVerry et al (2006). For 

sources at depths deeper than 101 km, weights of 0.4 for Youngs et al (1997), 0.40 for Atkinson and 

Boore (2003) and 0.20 for McVerry et al (2006) were used. The weights used for maximum magnitude 

and slip rates are described in Table 1. 

 

 

DEVELOPMENT OF SEISMIC DESIGN PARAMETERS 

 

The aim of seismic resistant design is to provide structural systems that can perform without significant 

damage from frequent and moderate earthquakes; and without collapse and loss of life in severe and rare 

earthquakes. While complete characterization of structural response due to earthquake shaking at any site 

has not yet been achieved; current engineering practice is to define four major parameters that describe 

the response of structures to the effects of ground shaking: spectral acceleration (Sa), earthquake 

magnitude (M), seismic source-to-site distance (D), and epsilon (ε) - the number of logarithmic standard 

deviations by which the logarithmic ground motion deviates from the median. 

 

The PSHA developed for this study is used to define these parameters for four major cities in Peru. The 

cities were chosen based on their significant populations and location with respect to the three seismic 

zones specified in the E-030 2003 PSC. The city of Lima and Arequipa are located in PSC Zone 3; while 

the city of Huancayo and Puno are located in PSC Zone 2. Zone 3 has the highest seismic factor (Z=0.4). 

With respect to seismotectonic regions, Lima and Huancayo are located in the central Peru region above 

the “flat slab” zone of the Nazca plate. Arequipa and Puno are located within the south where the “flat 
slab” section is absent and the Nazca plate dips gently beneath the western edge of the continent.   

 

Spectral Accelerations (Sa) 

Spectral accelerations (Sa) define the level of response of a structure modeled simply as a single-degree-

of-freedom system. For this study we developed probabilistic spectral accelerations corresponding to 

periods of vibration of 0.2 seconds (Sa(0.2)) and 1.0 second (Sa(1.0)) with 5% damping and for a 475-

year return period. This return period was selected because it forms the basis of the E-030 2003 PSC 

macrozonation. Peak horizontal ground acceleration values (PGA) were also determined. The Sa(0.2) is 

used to define the short-period region of a specified design spectrum; while the Sa(1.0) is used to define 

its long-period region. The value of PGA can be used to define the ordinate of the spectral acceleration at 

a 0.0 sec. period in the spectrum. 

 

The spectral acceleration parameters Sa(0.2), Sa(1.0) and PGA for a return period of 475 years for the 

cities of Lima, Arequipa, Huancayo and Puno are shown in Table 2.  
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Table 2. Spectral Acceleration (Sa) and Epsilon (ε) Parameters – 475-year Return Period 

City 
Spectral Acceleration Sa (g) Epsilon (ε) 

PGA (g) Sa (0.2sec) Sa (1.0sec) 
PGA Sa (0.2sec) Sa (1.0sec) 

Mean Mode Mean  Mode Mean  Mode 

Lima 0.41 0.97 0.39 1.3 1.1 1.4 1.1 1.2 0.9 

Arequipa 0.38 0.80 0.30 0.9 0.1 1.1 1.1 1.2 0.9 

Huancayo 0.27 0.53 0.22 0.8 1.7 1.3 1.3 1.3 1.1 

Puno 0.28 0.61 0.20 0.9 0.1 0.8 1.3 1.0 1.1 

 

Earthquake Magnitude (M) and Source-to-Site Distance (D)
 [1]

  

The magnitude and distance of the earthquake event that controls the spectral acceleration value (at some 

selected structural period and for some annual probability of exceedance) are important parameters to 

characterize an appropriate design earthquake at a site.  

 

The earthquake magnitude and distance parameters determined for the four cities are shown in Table 3. 

These parameters are calculated for the mean and the mode (most frequent), and are found through a 

disaggregation of the PSHA as described by McGuire (2004). Figure 4 shows the distributions of M and 

D events that contribute to Sa(0.2) and Sa(1.0) with 475-year return period for the cities of Lima and 

Arequipa. 

 

Figure 4 illustrates that the 475-year return period Sa(0.2) for Lima is contributed mainly by events with 

magnitudes from M 7.5 to M 8.0 at distances about 75 km. These earthquakes occur on the upper 

intraplate (source S5). There are also contributions from M 8.5 to 9.0 subduction interface earthquakes 

rupturing to distances about 50 km from Lima. Arequipa shows a broader distribution of earthquake 

magnitudes and distance that contribute to Sa(0.2) with earthquake magnitudes between M 7.5 to M 8.0 

(Figure 4) that occur at sources S7 and S11 (D less than 200 km) and S12. Smaller contributions come 

from subduction interface M 8.5 to 9.0 events. 

 

The earthquakes contributing to Sa(1.0) at Lima show a narrow distance and magnitude distribution, with 

M 7.5 to 8.0 events occurring on source S5 and M 8.5 to 9.0 interface events occurring on source S1; the 

largest contribution coming from the interface source S1. The contribution to Sa(1.0) for Arequipa shows 

a greater distance range (as Sa(0.2)), with contributions mainly from M 7.5 to 8.0 events occurring on 

source S7 and S11. M 8.5 to 9.0 subduction interface earthquakes also provide and important contribution 

to the Sa(1.0) at Arequipa. 

 

Table 3. Earthquake Magnitude M and Source-to-Site Distance D Parameters 475-year Return 

Period 

City 
Earthquake Magnitude M Source-to-site distance D (km) 

PGA (g) Sa (0.2sec) Sa (1.0sec) PGA Sa (0.2sec) Sa (1.0sec) 
Mean Mode Mean  Mode Mean  Mode Mean Mode Mean  Mode Mean  Mode 

Lima 7.6 8.0 8.0 8.0 8.3 9.0 85 75 77 75 75 50 

Arequipa 7.7 8.0 7.7 8.0 8.1 8.0 150 125 150 125 150 125 

Huancayo 7.6 8.0 7.8 8.0 8.2 8.0 150 150 160 175 170 175 

Puno 7.5 7.9 7.4 7.9 7.8 8.0 210 200 220 200 220 190 

 

 

                                                 
[1]

 Source-to-site distance is defined in this study as the closest distance to rupture zone. 
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Figure 4. M and D Contributions to Sa(0.2) and Sa(1.0) for the Cities of Lima and Arequipa 

 

Epsilon 

The parameter epsilon (ε) describes the number of logarithmic standard deviations by which the 

logarithmic ground motion deviates from the median (McGuire, 2004) given by the predictive ground 

motion equation. This parameter, along with the parameters M and D, are useful for selecting and scaling 

existing earthquake ground motions for dynamic analysis (Baker & Cornell, 2006). 

 

Table 2 shows ε results obtained for the four cities, and shows that the Sa(0.2) and Sa(1.0) for all the 

cities require higher than the median ground motions determined from the attenuation equations (ε  > 0) 

to match the 475-year ground motion values. The highest ε values occur in central Peru in the cities of 

Lima and Huancayo. 

 

 

SEISMIC DESIGN SPECTRA 

Uniform Hazard Spectra 

Figure 5 shows the 5-percent damped, uniform hazard acceleration response spectra for 475-year return 

period for site Type I (PSC) or Site Class B (2009 IBC) for the four cities evaluated in this study. The 

spectra are for periods ranging from 0.03 to 4 seconds and importance and ductility factor of 1.  The 

spectral acceleration at a period of 0.03 seconds is essentially equivalent to the PGA.  The term “uniform 

hazard” is used because there is an equal probability of exceeding the ground motions at any spectral 

period.  Figure 5 shows that the peak spectral response typically occurs at a period of 0.2 seconds. 

 

Spectra in Figure 5 indicate that spectral acceleration decreases as the distance between the cities and the 

Peru-Chile trench increases. This pattern reflects the historical seismicity distribution and the geometry of 

the subducted Nazca plate as shown in Figure 1. However, this pattern is not repeated at Puno and 

Huancayo, where Puno has a higher Sa(0.2) hazard than Huancayo, despite its greater distance from the 

trench. 

 

The higher Sa(0.2) for Puno is linked to the deeper portion of the Nazca plate found in the southern 

region of Peru. The attenuation equations use in this study (McVerry (2006), in particular) produce 
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stronger ground motions as the depth to the lower intraplate earthquake sources increases. While some 

unrealistic values are controlled through the relative weights given to each attenuation equations, the 

attenuation of deep intraplate earthquakes is currently very poorly understood. More detailed analysis is 

needed to understand better the levels of ground motions produced in this region of Peru. 
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Figure 5. Uniform Hazard Spectra – 475-year Return Period – 5% Damping 

 

Building Code Design Spectra 

The E-030 2003 Peruvian Seismic Code (PSC) defines seismic design ground motions based on scaling a 

constant spectral shape using a three-fold macrozonation of the 475-year return period peak horizontal 

ground acceleration (PGA) for all of Peru.  The highest values of the design ground motions are in the 

west (Zone 3), and the lowest in the east (Zone 1) of the country.  The boundaries between the three 

macroseismic zones are administrative department boundaries rather than geologic or tectonic features 

that control the level of seismic hazard. 

 

Because earthquake ground motions depend on tectonic features and the seismicity in the vicinity of the 

site of interest and not arbitrary political boundaries, recent revisions of seismic codes in North America, 

Europe and parts of the Asia-Pacific have abandoned seismic macrozonations. Instead, they use spectral 

acceleration contour maps that more closely define site-specific design seismic ground motions. This 

change permits a smooth transition in hazard along any region and eliminates the hazard discontinuity 

that exists in the boundaries of macrozonation-based maps. 

 

Figure 6a shows a comparison between the design spectrum for the cities of Lima and Arequipa 

developed using the 475-year return period site-specific Sa (0.2) and Sa (1.0) from this study and the 

design spectrum for Zone 3 of E-030 2003 PSC. Figure 6b shows design spectra for the cities of 

Huancayo and Puno using 475-year return period site-specific spectral acceleration from this study and 

the design spectra specified by the Zone 2 of the PSC. The design spectra for the cities were constructed 

using the results of the parameters Sa(0.2) and Sa(1.0) shown in Table 2 and following the procedures of 

the IBC 2009-ASCE 7-05. 

 

Review of Figure 6a indicates that the design spectrum for Lima is very similar to the design spectrum 

defined by the PSC. The similarity generally validates the seismotectonic model developed for this study, 

and supports the use of the Sa parameters found in this study. The PSC design spectrum was calibrated 
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based on the response spectra obtained from actual earthquake ground-motion records recorded in Lima 

and procedures developed by local Peruvian seismic experts. 
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(a)                                                                                        (b) 

Figure 6. Comparison between the Spectra defined by the PSC (Site Class S1) and the Site-Specific 

Spectra from this study - 475-year Return Period 5% Damping 

 
Figures 6a and 6b also indicate that for cities other than Lima, the design spectra specified by the PSC 

appears to have variable levels of conservatism. For example, the PSC design spectrum is a factor of 1.4 

and 1.3 above the site-specific Sa(0.2) and Sa(1.0), respectively for Huancayo; while for Puno the PSC 

spectrum is a factor of 1.2 and 1.45 above the site-specific Sa(0.2) and Sa(1.0), respectively. 

 

 

CONCLUSIONS 

 

Detailed characterization of the seismicity distribution and subduction geometry was completed for the 

central and southern regions of Peru to develop site-specific seismic design parameters for Lima, 

Arequipa, Puno and Huancayo.  The study develops Sa(0.2) and Sa(1.0) 5%-damped values for 475-year 

return period ground motions, mean and modal seismological parameters M and D that contribute to those 

values, and the number of logarithmic standard deviations by which the logarithmic ground motion 

deviates from the median given by the attenuation equations (ε) used in the analysis. These parameters are 

suitable for generating preliminary site-specific design spectra or as a basis for selection and scaling of 

existing ground motions records in or near the four cities evaluated. 

 

As expected, the earthquake ground motions diminish as the distances between the cities and the Peru-

Chile trench increase. However, this relationship is absent at Puno and Huancayo, where attenuation 

relations predict stronger ground motions at the deeper portion of the Nazca plate beneath Puno. 

 

Comparison between the spectra developed in this study and the spectra specified by the E-030 2003 PSC 

(Site Class S1) indicates a non-uniform level of conservatism in levels of design ground motions across 

the macroseismic zones given by the PSC. Application of smoothly varying national ground motions can 

contribute to the development of more consistent and less conservative seismic design in Peru. 
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